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STUDIES ON INDOLE ALKALOID BIQSYNTHESIS. PART II.

ALKALOIDS LACKING THE NORMAL TRYPTOPHAN SIDE CHAIN.

James P. Kutney
Department of Chemistry
University of British Columbia

Vancouver, Canada

A summary of experiments relating to the biosynthesis of
apparicine (II) and uleine (I) is presented. These alkaloids
which lack the two carbon unit normally derived from tryptophan
provide an interesting comparison with the Aspidosperma and
Iboga bases for which a considerable amount of biosynthetic
data has been accumulated. It is shown that tryptophan is

utilized by the plant (Aspidosperma pyricollum) to provide the

indole unit and the one carbon bridge between the B-position of
the indole and the basic nitrogen atom in apparicine. Secedine
1s also incorporated intact into this élkaloid but the levels
of incorporation are low. Interpretation of these results and
their implications for future experiments are also provided.
Preliminary experiments relating to the biosynthesis of
olivacine (III, R = H; R' = CHy) and guatambuine (XV) are pre-

sented.

Part I! of this series provided a summary of our experiments as they

pertain to the later stages of the bilosynthesis of the Aspidosperma and
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Iboga alkaloids. As mentioned in that review a large amount of experi-
mental data has been obtained particularly in terms of the earlier phases
of the biosynthetic pathways. There is little question about the two
precursors, tryptophan and secc-loganin, in terms of thelr relative roles
as the main bullding units for the corynantheincid and, in turn, for the
above-mentioned alkaloids. Such is not necessarily the case for other
series of indole alkaloids even though many of these have received much
attention from a structural and/or chemiecal point of view. It is the -
purpose of this article to provide a summary of our experiments in one of

these areas, that is, alkalolds which lack the normal tryptophan side chain.

Uleine (I), apparicine (II), olivacine (III, R = H; R' = CH3) and
ellipticine (III, R = CHs; R' = H) were the alkaloids selected for our
consideration and study since analyses of their structures? provide an
interesting comparison with the previously studied families. It is clear
that the "non-tryptophan" units, particularly in uleine and apparicine,

are ldentical with those normally considered in Strychnos alkaleid biosyn-
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thesls thereby implicating an iscoprencid origin. The interesting portion
of these alkaleids, in terms of biosynthetic considerations, is the indole
unit., The two-carbon side chain of tryptophan which 1s readily apparent
in the Aspildosperma, Iboga and Hunteria bases studied previouslyl is ob~
viously absent in the above-mentioned alkaloids. Thus uleine is completely
lacking these two carbon atoms, apparicine contains a one-carben bridge
between the B-position of the indele ring and the basic nitrogen atom
while the olivacine-ellipticine series reveal three carbon atoms between
this position of the indole ring and the basic heterocyclic nitrogen atom.
It is therefore of interest to ask the following questions: a) " Is tryp-
tophan involved in the bicsynthesis of the indole unit in these alkaloids?
b) If not, what is the biosynthetic origin of this portion of these alka~

lodds?

Since we were successful in growing young plants of several Aspidosperma
species3 from which uleine and apparicine could be isclated, we directed

our initial attention to these two alkaloids.

Wenkert® had already proposed a biosyn;hetic pathway for uleine in
which he postulated that tryptophan was not involved but rather that an
anthranilic acid derivative was being employed. He envisaged that glyco-
sylideneanthranilic acid condensed with the seco-prephenate-formaldehyde
(SPF) unit to yield an intermediate (IV) and the latter undergoes appro-
priate ecyclizations wvia V > VI » VII to provide the alkaloid (Figure 1).
At the time of the initiation of our studies the SPF unit had been dis-
carded in favor of the structurally similar seco-loganin molecule derived

from an isoprencid pathway. This latter substance could however behave in
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Figure 1. Wenkert's postulate for uleine.
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a fashdon similar to that of the SPF unit in-terms of its condensation
with the tryptophan progenitor so that the essential features of Wenkert's

proposal, as they relate to our study, remailn intact.
Several years later, Djerassi and Gilbert® published their results

on the structure elucidation of apparicine and suggested that the Wenkert

intermediate VI may be capable of interconversion via VIII (Figure 2) to

apparicine.

VI gc cHo
(Wenkert intermediate) ’
N
@;@L
H
apparicine

Figure 2. Djerassi-Gilbert postulate for apparicine.

In summary, the implications of the above postulates were:
1) The same precursor for both apparicine and uleire and 2) HNeither
the one-carbon (methylene) bridge which links the indole unit and the basic
nitregen atom in apparicine nor the N-methyl group of uleine are derived
from tryptophan. Consequently these were the areas which we felt should

receive initial consideration in our investigaticns.
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Young plants (2 years o0ld) of Aspidogperma pyricollum were initially

investigated for alkaloid content, found to possess uleine and apparicine,

and were selected for our study.

Initial biosynthetic experiments6 in A. pyricollum plants utilized

variously labelled forms of tryptophan in an attempt to
taining to its biosynthetic role. In spite of numerous
varying methods of incorporation, positive results with

consistently obtained but no activity could be detected

uleine, Table 1 provides a summary of the results obtained.

TABLE 1

Results of Incorporation of Double-labelled DL-Tryptophan

into Aspidosperma pyricollum

obtain data per-
attempts with
apparicine were

in the isolated

Expt. Label — . Ratio of Activity (1*C/3H)
Distribution
Tryptophan Apparicine Uleine
Fed Isclated Isolated
3. Ar-3H, 1M, 1.1 1.5 Inactive
4. Ar-%, M, 1.0 <0.03 Inactive

The results shown in Table 1 indicate that tryptophan is incorporated

into spparicine, that Cz of this amino acid side chain is incorporated

into the alkalodd and that over 97% of the activity at C; is lost during

the biosynthesis.
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Having demonstrated that tryptophan is involved, it was clearly
of interest to determine at what stage in the biosynthetic pathway
extrusion of this particular carbon atom occurs. TFor this purpose we
prepared several intermedigtes, with tritium label in the aromatic ring,
and proceeded to evaluate their role in this regard. Figure 3 summarizes

the obtained results.’

% Incorporation

r N cHy
N &
Expt. Compd Fed @ﬁk/ @U/\niﬁ\
N N
H H

1 (ar-°H) DL~Tryptophan 0.02 < 0,000!

2 0.55 < 0.0007
HSCOOC CHon
N,
3 | X 00l < 0.003
N
(2]

Hz'CDOC CH20H

NH,
a @\—:”/\ 2 < 0.001 . < ©. 00!

N
H

Figure 3. Summary of results of incorporation of various intermediates

into the alkaloids apparicine and uleine in A. pyricollum.
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In terms of obtaining suggestive data as to possible extrusion of the

original C; carbon atom of the tryptophan side chain at a late stage in
the biosynthetic pathway, the incorporation of stemmadenine (expt. 2,

Figure 3) was evaluated. As can be seen, the level of incorporation is
the highest of any obtained in the investigations up to this time. For
comparigon, the alkaloid vallesamine® (expt. 3, Figure 3) which bears a
nuch closer structural resemblance to apparicine than stemmadenine, was

also evaluated. Its level of incorporation was much lower than that

obtained for stemmadenine.

The simple indole derivative, 3-aminomethylindole (expt. 4, Figure 3)
was evaluated as a possible intermediate which could suggest extrusion of
C, at an early stage. This compound had already been considered as a
precursor in the bilosynthesis of gramine?s!0, a situation in which Cp of
the tryptophan side chain is alse lost but C3z is retained. As can be seen

from Figure 3, no incorporation of this intermediate could be observed.

Clearly the results obtained thus far are insufficient to provide a
very definitive pathway for the biosynthesis of apparicine but they at
least suggest that stemmadenine or a closely related bio-intermediate
is invelved in the later stages of the pathway and thereby loss of the

carbon atom from the original tryptophan side chain occurs at a late stage.

! had already emploved secodinol and secodine,

Our previous studies
in variously labelled forms, in terms of their role as late stage bio-
intermediates in the Aspidosperma and Iboga series so it seemed of interest
to determine whether these substances can be utilized by A. pyricollum
plants in the biosynthesils of apparicine. The details of the various experi-

1

ments are published elsewhere!l so it is appropriate here to simply provide
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a2 summary of the pertinent results.
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Tables 2 - 4 illustrate the data

obtained and provide a comparison with the other studies discussed pre-

V:Lc:ously.1
TABLE 2 N
=
. . . T
Incorporation Studies with A cron
H
COOMe
. ° .
Plont Species Feeding Feeding Activity Yo Incorporation
V. minor Period Method Fed Minovine Vincaming
1 24 nrs* *‘gcc';"rz?;")c 1.86 x 107 dpm o <0.001
2 96 hrs* " 2 A0% 10T dpm < 0.001 <0.001
Vindoline Catharanthine
V. rosea 216 hrs" Wick 1.89 x 1 dpm
< C.00!1 < .01
Apparicine Ueine
A. pyricollumn 5 days H(ydro’p?mc 9.20x107 dpm
recis <000l <0001
*narked plant deterioration after 24 hrs.
TABLE 3
N
=
incorporation Studies with T |
. H
B coome
Exot Plont fed Ratic of activity Ratio of activity
X ont fe .
P fed (*H/"C) isolated (3H/'C)
Vindoline
1 V. rosea 8.8 a3
Vincaming Minovine
2 V. minor 8.4 86 10,1
. Apparicine
3 A.pynco!rlum a7 5.4

— 437 —




TABLE &

N
incorporation Studies with. [ T
N
CooMe
Ratio of octivit Ratio of octivit
Expt Plont fed o orec oo of acthy
fed("H/ TC) isolated ("H/ "C)
Vindoline
1 V.rosea 1549 135
Vincarnine Minovine
2 V. minor 1.84 194
i88,2.02
3 A.pyricollum 1.91 Apparicine Uleine
2.60

As Table 2 reveals, secodinol is not incorporated into apparicine
but the acrylic ester derivative secodine can be utilized by the plant
(Tables 3 and 4). The ratios of activitsr (/A HCQ) in the isolated ap-
paricine obtained in these studies establish that the entire secodine
molecule is being incorporated intact and that insignificant losses of

the radiolabel occur during the various biotransformations.

Various degradations of the radioactive apparicine obtained were
performed to establish the validity of the above statements. Figure 4
illustrates a degradation scheme which establishes that the ester group
of the seccedine molecule becomes the exocyclic methylene of apparicine

while Figure 5 reveals the isolation of radiocactive formaldehyde and
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Figure 4. Degradation of apparicine from incorporation of

[} 4CO0CH; 1-secodine.

T
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19CH,

213:10°dpm/mmot (expt 6)
1.04x 102dpm/mmol(""‘c, expts) 1.04x103dpm/mmol {exptd)
213x10dpm/mmol (*H,expt 6)

Figure 5. Degradation of apparicine from incorporation of [19-3K,

1 1‘COOCI-13 ]-secedine.

acetaldehyde in an experiment in which a doubly labelled secodine had
been incorperated into apparicine. In this latter case there was a
significant loss of the tritium label (about 50%) situated in the ethyl

side chain of the secodine molecule (3H/?YC drops from 3.98 in secodine
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to 2.05 in the isolated alkaloid). This situation is not unexpected
since the synthetic method employed for introduction of this label 1s
expected to place the tritium atom in both R and 8 configurations. If
the enzynic elaboration of this side chain to the ethylidene side chain
in apparicine was to proceed in a stereospecific fashion only a partial

loss of label would occur.

In a further series of experiments, secodine labelled with tritium
in the piperideine ring, i.e. [3,14,15,21- *, !“CO0CH3)-secodine, was
evaluated. Isolation of the radiocactive apparicine and analysis of the
3H/14C ratio revealed significant loss of tritium during the conversion
of secodine to the alkaloid (reduétion in ratio froﬁ 4.2 to 2.2). These
results suggest that a secodine derivative possessing a higher oxidation
state, for example a dehydrosecodine {(IX), may be involved in whatever
conversions occur between secodine and apparicine. Obviously such specu-
lations require further substantiation by appropriate experiments.

@
N
| =

N
H

COOCH;
IX

At this point in time it is possible to summarize the results concerned

with secodine incorporation as shown in Figure 6. It is also appropriate
to summarize the other results cbtained earlier in terms of a working
hypothesis which provides a reasonable rationale and consideration for

future studies.
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Figure 6. A summary of results involving incorporation of secodine

into apparicine in A. Ezricolluﬁ.

As already mentioned earlier one of the most interesting features
of the results as shown in Figure 3 is the high level of incorporation
of stemmadenine thereby suggesting that this alkaleold, or a closely
related intermediate, may be of crucial importance in the biosynthesis of
apparicine. In the conversion of stemmadenine to apparicine it is obvious
that two basic transformations are involved - conversion of the function-
ality at Cj3 to the olefinic linkage and loss of Cg, the latter obviously
being derived from the C; carbon atom of the txyptophan side chain. Clearly
a fragmentation of the Cg-Cgq bond with subsequent extrusion of Cgy and
recyclization to generate the one—carbon bridge present in apparicine must
be accommodated in some mechanistic rationale. An attractive proposal to
account for the overall process was put forward by a French group12
(Figure 7). This postulate involves fragmentation of the Cg-Cg bond in
stemmadenine via a modified Polonovski reaction (X + XI), loss of Cg in a
hydrolytic process and cyclization of the intermediate XITI thus formed to
the alkaloid., Although this interesting proposal does provide a plausible
rationale for the desired biotransformation it is not entirely consistent
with the data which we have accumulated in this area. As already noted

above, the carbomethoxy group of secodine is retained as the exocyclic
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Figure 7. The Potier postulate for the conversion of stemmadenine

to apparicine.

methylene in apparicine so it is logical to assume that the ester func-
tionality in stemmadenine would be retained provided that a direct bilo-
logical relationship exists between secodine and stemmadenine. The postu-
late as summarized in Figure 7 suggests a loss of the ester group via a
concerted process in which decarboxylation and fragmentation occurs simul-
taneously. We believe that a Polomovski type fragmentation is indeed an
attractive process for the stemmadenine-apparicine conversion and suggest
a modification in which the loss of the hydroxymethylene group occurs
(Figure 8). The French group has also put forward a modification to their

original hypothesis.13

We also believe that our results with regard to the secodine incor-

porticns are explicable in terms of a biological relationship between
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A postulate which is consistent with ocur experiments involving

incorporation of tryptophan, stemmadenine and secodine into

apparicine in A. pyricollum,
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stemmadenine and the secodine system as shown in Figure 8. Thus secodine

undergoes oxidative transformation to a dehydrosecodine and the latter
then cyclizes to the stemmadenine system. This postulate is consistent

with all the results obtained thus far.

A further understanding of the biosynthetic steps as they relate par-
ticularly to the later stages in this as well as the Aspidosperma and
Tboga bases discussed in Part I! requires a detailed evaluation of stem-
madenine and/or related Strychmos bases in terms of thelr biosynthetic
role. The availability of stemmadenine is low and the opportunity for
introduction of the appropriate label at various sites in these molecules
is somewhat restricted. For this reason we have expended considerable
effort in the development of a synthetic pathway leading to the akuammicine
and stemmadenine series.! " We believe that the sequence, as summarized
in Figure 9, will allow ample opportunity for preparing the required

radioactive analogues for further biosynthetic studies.

Difficulties in obtaining any meaningful data on the alkaloid uleine
in A. pyricollum plants caused us to turn our attention to.a related plant
system, A. australe, which provided not only an alternative source of this
alkaloid but alsoc the Qpportunity for investigating the biosynthesis of the
interesting family of alkaloids exemplified by olivacine (III, R = H,

R' = CH3) and guatambuine (XV). Experimental data relating to the latter
family are completely lacking and this plant3 appeared to be a good source

of such alkaloids.
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MeOH
HC1

N-E~
H Hs
R' R

R =COOMe
R'=CH,OH
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1.HBr/HOA:
2.2n / HOAc

1. Pb(0Ac)4
2.NaBH;

R R

Xv

R = COOMe
R'= CH?_OH

Na AlH,(0C,H,0CHS),

7
R' R
R = CH,0H | R=R'= CHROH
R'= COOMs NaALH,[0C,H OCH,),
Figure 9. The total synthesis of akuammicine (XIII) and l6-epi-

stemmadenine (XIV).
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Speculations on the bilosynthesis of olivacine and ellipticine were
put forth initially by Wenkert" while a more recent and more detailed
postulate has been advanced by Potier and Janot! ? (Figure 10). As is
noted from these proposals tryptophan and stemmadenine are implicated so
it became of interest to evaluate their roles in the biosynthetic pathway.
Since stemmadenine was unavailable at this time, secodine was evaluated
in its place. A summary of the varilous experiments are provided in

Tables 5 and 6.

The precursors to be studied were fed hydroponically as their acetate
salts to whole A, australe plants for 5 days. The crude alkaloidal
extract was diluted with inactive samples of the desired alkalolds, which
were re—-isolated by thin layer chromatography and recrystallized to
constant activiey, A few comments concerning the results as shown ia

Tables 5 and 6 are now in order.

In general, low levels of incorporation, particularly inte the alkaloids
uleine and guatambuine were observed and it is difficult to make any defini-
tive comments with regard to these alkaloids. In the case of uleine (ex-
periment 3}, C, of tryptophan seems to be retained since the ratio 3usthe
in the isolated alkaloid is identical with that incorporated (3.0 vs. 2.97).
Obviously further substantiation of this result is required in an experiment

where higher levels of incorporation are obtained.

Experiment 1 provided am indication that olivacine and guatambuine
might be derived from tryptophan. Experiments 3 - 5 involving doubly

labelled tryptophan resulted in either erratic ratios or extremely low
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Figure 10.
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The Potier-Janot postulate for the biosynthesis of olivacine

and guatambuine.
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TABLE 5

Summary of Various Compounds Fed to A. australe Plants

Ratio

Expt. Compound Fed 1L'Activit Fed Fed
C dpm H dpm BH/I qC

1 Tryptophan-{Ar—°H) 8.28 x 107

2 Secodine-(Ar—3H, ’ *COOCH 3) 3.0 x 107 8.7 x 107 2.9

3 Tryptophan-{Ar-2H, 2-1%c) 6.25 x 107 1.90 x 108 3.0

4 Tryptophan-(Ar-3H, 3-1%C) 8.45 x 107 2.97 x 108 3.5

5 Tryptophan-{Ar-3H, 2-1%C) 1.33 x 102 4.18 x 108 3,13
6 Secodine-(3,14,15,21-°H, 1.09 x 107 2,19 x 167 2.0l

L *coocHs)

levels of radiocactivity im the alkaloids isolated.

for the biosynthesis of olivacine and guatambuine

If the postulate

{Figure 10) is correct,

C, of tryptophan should be lost and the ratios of 3plec activity in

experiments 3 and 5 do show an increase in the case of olivacine. Again

further experimentation is necessary to confirm these findings. The

increase observed for apparicine had already been established in the

A. pyricollum plant system as discussed earlier.

Experiment 4, as it relates to olivacine, is inconclusive since

the activity in the isclated alkaleid could not be achieved to a constant

level and the value for the ratio isolated is only an approximation.
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TABLE 6
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Incorporation Results Associate_d with Table 5

Expt. Alkaloid Specific Activity % Incorporation Ratio
Tsolated Isolated {dpm/mmol) Isclated
1 l+c 3H iy c SH 3H/1 L c
*
Olivacine — 2.01 x 107 - 241 -
Apparicine — 2.0 x 10f - .208 —
Uleine —— 5.19 x 10° - <,001 -
Guatambuine —_— 4.28 x 10° - 005 -
Olivacine  2.66 x 106 1.04 x 107  .009%* 013" 3.90
Apparicine 1.36 x 107 2.75 x 107  .039 .027 2.04
Guatambuine 3.35 x 10° 7.55 x 10°  <.001 <.001 2.25
Olivacine 2.40 x 10° 1.72 x 108 .0005 .001 7.18
* *
Apparicine 6.89 x 10° 1.06 x 10% .0015 .078 154
Uleine 7.42 x 10° 2.14 x 10° .001 .001 2.97
Guatambuine 8.24 x 10° 3.34 x 10° .0015 .002 4,06
*

Olivacine  1.63 x 10°% 9,09 x 10° <.001 <.001 5.57
Apparicine 9.0 x 107 2.64 x 10° 127 .105 2,90
Olivacine  1.05 x 10°% 7.24 x 10°° <,001 <,001 6.90
Olivacine  8.34 x 10% 1.85 x 107  .146" .160% 2.22
Apparicine  1.67 x 10° 4.17 x 10°  .004" .005 ™ 2.50

not constant activity
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Again, as in the studies involving A. pyricollum, C3 of tryptophan is

incorporated without loss into apparicine.

Experiments 2 and 6, involving secedine as the precursor, ylelded

no definitive data.

In conclusion, the results in A. australe are only preliminary and
require substantiation. Obviously stemmadenine, in varicusly labelled
forms, becomes a prime candidate for evaluation in the biosynthesis of
olivacine and guatambuine as well as apparicine. Experiments in this

direction are anticipated.
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